The intelligent balloon water gate (IBWG) invention is a hydraulic gate model made of reinforced plastic that controls the water level (WL) downstream or upstream of a barrage. The IBWG automatically inflates and deflates by compressed air to close and open the water passage, respectively. The whole design consists of a balloon, a waterway, sensors, an air compressor, a control panel, an electrical circuit and a photovoltaic generation (PVG) system. The Tyass barrage in Iraq was considered as a case study. The Tyass barrage was built with concrete and four sliding steel water gates and redesigned using the IBWG. The originality of the current research resides in the combination of the IBWG mechanism with an efficient maximum power point (MPP) seeking controller for a photovoltaic generation system, which is one of the most promising sources of renewable energy in the world. To the best of our knowledge, in this field, this scenario has not yet been discussed in detail. Upper and lower water sensors are used to control the IBWG. The upper sensor sends a signal to the control panel when the downstream water level reaches its maximum value to open the air inlet valve and close the outlet valve, inflating 14 IBWGs with a volume of 3.5 m 3 under 122 psi of pressure and closing the water passage. When the WL decreases below the minimum level, the lower sensor initiates the opposite procedure. The air compressor automatically fills the air tank to 181 psi and is supplied by a 24 VDC AGM rechargeable battery with a capacity of 40-60 Ah, which is charged by four solar panels connected in parallel and exposed to an average of 8.8 hrs/day of sunshine. The proposed MPP-seeking controller was implemented by a backstepping design coupled with the grey wolf mechanism. The solar irradiance data were observed 39 years ago. The proposed controller is capable of following the MPP with minimum oscillations under an external irradiance variation. The IBWG system is verified at night or during the early morning when the sun is not active. Nevertheless, it is possible to store compressed air in an auxiliary tank to avoid emergencies such as partial shading conditions. INDEX TERMS Electro-hydrodynamic rubber water gate, PVG system, backstepping technique, grey wolf optimization, lyapunov stability.
I. INTRODUCTION
Although traditional water gates play a significant role in the design of water dams and barrages, new developments either in the operation technology or in the power supply are still The associate editor coordinating the review of this manuscript and approving it for publication was Muhammad Imran Tariq .
needed. In the past, sliding and radial steel gates were used in the design of dams but had many drawbacks such as difficulty fitting with the rubber seals and the requirement of continuous maintenance, which were accompanied by extreme problems when the hydraulic structure operated and damage caused by corrosion and oxidation. Also, the electricity and manpower sources are problematic in traditional water gates.
The search for another style of water gate and an inexpensive and environmentally friendly energy source becomes editable. The IBWG represents a new style of hydraulic gate, with an inexpensive and environmentally friendly energy source, low initial and continuous maintenance costs, and no manpower requirement, and a leap in scientific progress.
Until no, no attempts have achieved this technology; however, many researchers have worked on ancient and traditional studies relevant to hydraulic gates, such as [1] , which presented a rubber dam monitoring system for a dam constructed in Shandong Province. SIEMENS PLC employed fuzzy technology to control water levels. A fuzzy controller algorithm significantly increases water level control. [2] analysed base, static and dynamic flows simultaneously under both overflow and stable hydrostatic conditions corresponding to various internal pressures of the upstream and downstream water levels o an inflatable cylindrical dam. The height, cross-sectional profile and cross-sectional area results showed good agreement with formal studies. [3] developed a numerical model for cylindrical membrane inflation using the Euler-Lagrangian method. The vortex and wave systems produced between a jet flow and membrane were observed inside the membrane. The oscillation and bumps of the membrane performance were also studied. [4] employed an analysis technique involving a well-established form-finding method and dynamic relaxation for inflatable dam cross-sectional analysis. The system was analysed under different pressures and loading support conditions. The results were in good agreement with the literature. [5] evaluated the hydraulic structure of an inflatable circular weir in fully inflated to almost fully deflated positions for varying diameters and discharges. Three weirs 100, 250 an 300 cm in diameter were tested in a 2 m wide flume. Three pressure sensor were fixed on the weir surfaces with angles of 0 • , 11.25 • and 22.5 • from the top to the downstream level. The results showed that the curvature arc hasan insignificant effect on the inflatable weir performanc, except for a reduction in the water affluxes. [6] invented a portable water-filled barrier consisting of internal cells to imitate a sand dyke and supported by rigid stepsthat allow barrier traversal. Nanofiber offers flexibility in the barrier cells and prevents punctured cells from deflating the surrounding cells. Some structures may be filled first with air, positioned and then filled with water by purging the air by a pressure valve to function as a water dam. [7] invented a portable-water-filled module that was convenient for use in inflatable dams. The module also consisted of flexible cells that could not be punctured. The side parts of the module can interlock with adjacent modules. The steps were also attached via light and flexible nanofiber walls. [8] , with the same system as [6] , provided inflatable water front and back panels. The essential function was to increase the friction with the ground and protect and support the levelling materials to realis an extended dam system. [9] analysed the effect of a rubber dam on the potential recharge and evaporation in the Baihe River in Henan Province, China, by using a hydraulic model, HEC-RAS and the groundwater model MODFLOW. It is found that river stages of 2-3 m on Jan 2000 to Dec 2002 occurre, causing an increase in the water recharge of 7.15-34.06 million m3/a and a ten per cent potential evaporation of the increased recharge due to the construction of four inflatable dams. [2] presented a numerical model o a rubber dam to solve a flow problem and a static and dynamic structural analysis. 3D fluid-structure interactions for hydrostatic and overflow conditions under different upstream and downstream pressures. The results included a comparison between the height, profile and crosssectional area of a rubber dam with former studies, which showed acceptable agreement, and the dam height was a function of the modulus of elasticity, foundation thickness, and applied pressures.
Since 2014, there have been no serious developments for rubber dams.However, considering our priorities for the IBWG, the design of intelligent dams and barrages can be introduced as new development to serve humanity.
Because the IBWG operates mainly on photovoltaic power, electric sensors, energy storage batteries, and control panels, it is necessary to design a suitable circuit for its operation. In [10] , [11] , various projects and studies addressed photovoltaic systems. The solar system is considered to be a favourable green energy source due to its many benefits, such as its low working cost, maintenance-free operation and environmentally friendly nature. To the best of our knowledge, the researchers did not take into consideration the effects of the power cable on the dynamic performance of photovoltaic generation systems. It is considered that the DC/DC converter is coupled nearest to the photovoltaic array [12] . The power cables are not long enough to produce a change in the PV voltage and current values. In reality, there are cases where the length between the PV panel site and the chopper circuits is considerable, notably at the site of a water dam, which is one of the most applied studies with a partially shaded PV array [13] .
Most photovoltaic energy systems have a problem with achieving the most significant power extraction and transferring the power from the generation side to the customers. The complexity resides in the nonlinear behaviour of the voltage-current characteristics of the PV modules. These characteristics are affected by weather fluctuations. Many researchers and scientific contributions have studied this problem and discussed it from different perspectives [14] .
One of these contributions considered the extraction of the highest power from the solar array according to different power-seeking techniques proposed by [15] , [16] . Additionally, alternative approaches used evolutionary and hybrid algorithm techniques to extract the parameters of the PV module and adaptive control given in [17] .
The IBWG is an invention that is used to adjust and control water flow through hydraulic barrages, culverts, and water tunnels; it is a type of submerged gate as classified by [18] and made of a fibre rubber balloon of any size. The gate inflates and deflates into a specified space inside a chamber to close and open a waterway, respectively. Various designs for gates and dams have been used around the world, but the IBWG is yet unknown for our expectations.
Nevertheless, hydraulic dams and nuclear reactors are the most critical and dangerous economic structures affecting human life worldwide. Dams made of earth, concrete, brick, masonry and other traditional materials have many drawbacks, such as a high initial cost, continuous high maintenance costs, and top safety factors, which lead to significant concerns and fears for the population living in the geographical area exposed to the dangers of these structures. Briefly, a search for new models of hydraulic dams characterised by new technical advances is strongly needed. The problem of many dams around the world experiencing collapse and deterioration due to the soil permeability-increasing beyond the allowable limits, which occurred in Al-Mosul Dam in the north of Iraq in 2016, is one of the primary goals of this design.
The basic idea of an IBWG arose from the problems and inadequate performance of conventional barrages, which are usually responsible for regulating water levels in rivers. The operation of barrages strictly requires accurate performance and no human intervention to avoid the manipulation of the administrative water allocations of streams and farms. Also, alternative energy sources, such as solar, wind and hydropower energy, may be chosen to power the IBWG since at least one of these sources will be available everywhere around the world. It is worth mentioning that the IBWG is made of reinforced plastic that has a long life since it is unexposed to direct sunshine and fits well with the chamber walls to prevent water leakage.
The whole idea of the IBGW operation can be summarised as follows: signals are sent by two sensors installed at the upper and lower water levels as needed behind a barrage body to an electrical control panel to inflate and deflate the IBWG by a standby air compressor powered by a 24 V battery. This process results in an automatic consecutive closing and opening of the barrage water tunnel, which continuously maintain the water level oscillating between the allowable upper and lower water levels.
The remainder of this paper is organized as follows. Section II presents the material and methods for the design of a robust IBWG system considering the hydraulic structure of the IBWG model. Section III addresses the results and discussions, including the hydromechanical part and numerical simulation results for the electrical part. The conclusions and remarks are described in section IV. Finally, a list of references is given in section V.
II. MATERIALS AND METHODS

A. HYDRAULIC STRUCTURE OF THE IBWG MODEL
The adapted dam model can be made of any material (steel, concrete, bricks, etc.) with rubber gates. The model consists of a rubber balloon of a specified size and is firmly fixed inside the steel structure by a suitable technique. Although the entire dam may consist of one or more balloon gates, the whole body is firmly fixed in place, allowing the gates to move freely upward/downward to control the water flow, as shown in FIGURE 1. The deflating phase shown in FIGURE 1a indicates that the gate is inflating, and the deflating phase is indicated in FIGURE 1b. The balloon is connected to the inlet and outlet air valves by an air pipe. The whole body of the balloon represents a part of the dam structure. The concrete walls (chamber) surround the balloon from all sides, as shown in FIGURE 1.
B. PECULIARITIES OF THE IBWG
The innovative part of the IBWG lies in the operation of a large and dangerous structure by a 24 V battery energized by a PVG system without the need for human intervention. Typically, to operate such structures, high electrical energy absorption, manpower and continuous maintenance are needed.
The IBWG is distinguished by the following peculiarities: -1-It has low initial and maintenance costs compared to traditional steel water gates. 2-It has very high flexibility in the inflating phase, providing recurrent absorption of the water hammer for a sudden closing; in contrast, steel gates require additional thickness in the iron to resist water hammer effects, resulting in excessive weight and high operational electrical power.
3-The problems associated with oxidation and corrosion do not exist for the IBGW, which significantly reduces the age of water gates made of iron. 4-The rubber structure of the IBWG fits well with the dam body construction materials to prevent water leakage; in contrast, iron gates should be designed and fixed firmly with rubber seals through the dam structure, resulting in a problematic upward and downward movement and high corresponding electrical energy absorption. 5-The problems associated with the continuous replacement of the rubber seals and joints in the iron gates do not exist. In such cases, dams need additional water passages for maintenance intervals, which in turn considerably increases the coasts of such dams. 6-It may be powered by different types of alternative electrical energy, e.g., solar, wind and hydro-power generation. 7-It operates automatically without using human resources. 8-It is installed below the water surface for protection against floating debris and direct solar radiation heating, which certainly increases the operating age. 9-During the inflation process, it flexibly expands without generating outside air cavities that produce vacuum pressure and hydrodynamic vortices to obstruct the water flow through the dam water passage. In contrast, air cavitation and the resulting vortices in traditional iron gates will dissipate a lot of the total energy of the hydraulic system and hence cause a flow obstruction, as shown in FIGURE 2.
C. EXIT VELOCITY AND DISCHARGE
The exit speed of the water can be predicted by applying the Bernoulli equation at two points (a and b), as shown in FIGURE 3a, within the fluid flow,
where P a and P b are the hydraulic pressures at points a and b, respectively, v a and v b are the water flow velocities at points a and b, respectively, in units of m/sec, h a and h b are the elevations of points a and c for a particular datum, g is the gravitational acceleration, and γ w is the water-specific weight in units of kg/m 3 . Referring to FIGURE 3b, Equation (1) reduces to:
where v c is the exit speed, C is the exit gate coefficient, which is close to 0.6, H a is the hydrodynamic head and z is the exit gate opening height. According to the fluid momentum, the discharge is:-
D. BALLOON GATE PRESSURE
The balloon gate should intuitively be pressurized to resist two types of hydraulic pressures, which are given as follows. 
1) HYDROSTATIC PRESSURE
Referring to FIGURE 3a, when the balloon gate is in the closed phase, the system becomes completely static, and Bernoulli's equation for the incompressible version of equation 1 is: If equation (1) is applied at points a and b, it is reduced to:
where P b is the upward hydrostatic water pressure under the balloon gate in units of kg/m 2 .
2) HYDRODYNAMIC PRESSURE
The estimation of the hydrodynamic pressure requires starting with the Navier stock equation [19] in its compact form:
where u, ρ, I, andτ are the flow speed, fluid density, inertia force, and shear force, respectively. The momentum force acting at point b shown in FIGURE 3 may be obtained by using the unsteady momentum equation of the fluid flow field in the extended form in the x-direction: According to FIGURE 3b, Equation (6) is abbreviated as Equation (7):
where: ρ is the water density ton m 3 , Q is the discharge m 3 s , and v in and v out are the inlet velocity in the y-direction and outlet velocity in the x-direction, respectively.
In the particular case of Figure 2b and before the gate starts to open, both v in and v out are zero due to the fluid being static, which correspondingly results in a zero momentum force on the gate bottom; however, as the gate opens, the upward momentum force increases to reach its maximum value in the open phase:
Initially, when the IBWG inflates to close the water passage, only the momentum force exists and should be resisted by the inflating pressure of the IBWG that shuts the water passage; therefore, it should be exactly estimated as follows: -
If v in equals v b (the velocity of the water under the gate), the uplift force in the open phase is equal to: -
The hydrodynamic pressure is ρQv b /a b , where a b is the bottom area of the gate.
To minimize the hydrodynamic pressure under the gate when it is fully open, the right term of equation five should be minimized by reducing the ratio ( v b a b ). This is fulfilled if a b ≥ v in , depending on the design priorities and the circumstances of the case study.
= 1, the net uplift hydrodynamic pressure beneath the gate reduces to
The hydrodynamic pressure is ρQ.
The designed hydrodynamic pressure is ρQF, (10) where F is a factor of safety.
E. CASE STUDY
The Tyass barrage in Hashymia city, in the middle of Iraq, was built on the Hilla River as shown in FIGURE 4. This barrage was selected as a case study. The barrage was built initially by concrete to control the D/S water levels between 23 m and 24 m asl to supply the necessary water allocations to local streams, namely, the Kids, Khamisiya, Awadel and Al-Zabbar streams. Although the barrage is used to feed the forgoing local streams, it usually passes a discharge equal to 100 m 3 /s downstream of the river. In this study, the barrage will be redesigned corresponding to the IBWG.
F. AUTOMATIC TREATMENTS OF EMERGENCIES
Briefly, two kinds of emergencies can possibly occur during the normal operation of the IBWG: -1-A sudden puncture.
2-Electrical faults.
Although the IBWG is submerged below the water surface to avoid punctures by sharp floating objects, reserves were implemented by providing the balloon room with a spare balloon to act as a standby when a puncture occurred.
To carry out emergency maintenance, the new watercourse of the Hilla River should be completely closed and temporarily substituted by the old course, as shown in Figure 4 .
The barrage is a type of hydraulic dams does not function to store rainwater but functions to control the upstream and downstream water levels.
G. SOLAR ENERGY CONSIDERATION
Solar energy is regarded as the most important alternative energy source in Iraq because the real sunshine periods are more than 13 hr in summer accompanied by high temperatures up to 50 C • and 10 hr in winter with temperatures up to 25C • during the day. The historical daily sunshine data series for the year 2018 is presented in FIGURE 5, and the monthly average from 39 years ago from 1980 to 2018 is presented in FIGURE 6 , with a total average of 8.8 hrs/day. This clean and inexpensive form of energy is promising for energizing the gate with the necessary energy requirements.
1) STRUCTURAL COMPONENTS OF THE INTELLIGENT BARRAGE
The intelligent Barrage structure consists of the following elements, as shown in Figure 7 .
1-A barrage body including a chamber in which the balloon
inflates and deflates and a waterway tunnel. 2-A rubber balloon gate. 3-The air system includes a blowing motor, an air compressor, pipes, air inlet and outlet valves for each gate and a 100 m 3 air bottle. 4-The electrical system includes four solar panels coupled with the MPP-seeking controller, ultrasonic water level sensors, a 24 V rechargeable battery, a control panel and an electronic circuit.
2) GATE OPERATION MECHANISM
The downstream section of the dam is provided with two water sensors: one sensor is assigned to the maximum water level, and the other sensor is assigned to the minimum water level. When the downstream water level reaches its minimum value, the lower sensor instantaneously produces a signal to open the air outlet valve and allow the balloon gate to empty the air and deflate, allowing the water passing through the tunnel to supply the downstream water according to the requirements. The water flows until the downstream water level reaches its maximum value; then, immediately, a signal is sent to close the outlet air valve and open the inlet air valve, which allows the balloon to fill by the air compressor and closes the waterway. 
4) P, V COMPRESSOR CAPACITY
Let P comp and P balloon be the pressures of the compressor and balloon before and after inflating the gate, respectively, and V comp and V balloon be the volumes of the compressor and balloon, respectively; therefore, the PV system before and after the deflating process is the same. Considering the Boyle-Mariotte law of gases, one concludes that:-The product PV of the compressor before the inflating process is P comp V comp .In addition, the product PV of the system after the inflating process is P balloon (V comp +V balloon ).
By equating the two quantities, one obtains:
5) RECHARGEABLE BATTERY
A rechargeable battery is usually needed for the cycle of the positive and negative peaks of the energy curve. In applications, batteries are designed for the cycling process. The corresponding number of batteries required for storage capacity may be estimated by [20] :
The required battery is based on Max Pdt
The number of batteries is Storage Capacity 0.8 * Battery Capacity
The state of charge (SOC) is deduced from the battery power and efficiency:
6) PVG SYSTEM MODEL
The direct conversion of solar energy into electrical power is obtained by solar cells. The physics of a photovoltaic cell, or a solar cell, is similar to that of the classic (p-n) junction diode. The relationship between the output voltage and the load current of a photovoltaic cell or module is expressed as in [21] .
H. IBWG ENERGIZING
The concept of the PV energy provided to the IBWG is dependent upon the following main points: -1-It should include renewable energy sources such as solar, wind and hydropower generation due to the scarcity of conventional electricity in Iraq and daily continuous concurrent cuts. 2-The energy source should be inexpensive, clean and available anywhere around the world. In Iraq, the preceding three types of energy sources are available, since solar radiation is strong and available in most seasons. Cloudy weather is rarely encountered in winter and is non-existent in summer. However, solar energy and wind energy may also be used since Iraq has high eastern-western and medium northern-southern winds, as outlined by [22] . The author briefly indicated that solar and wind sources are renewable energy sources that can adequately supply electrical power to villages in deserts and rural areas. In this research, one or more source may be used when necessary.
I. MODELLING OF THE PHOTOVOLTAIC SOLAR ARRAY
The PV generator has several modules arranged in a seriesparallel configuration to meet the required voltage and current levels. The output voltage of a photovoltaic cell is [23] , [24] :
The series resistance with the diode cell is:
The parallel resistance with the diode cell is:
The voltage provided by a photovoltaic panel is computed as a nonlinear equation:
where I s.c is the saturation current, T ref is the reference temperature, T a is the actual temperature, N p is the number of parallel cells, N s is the number of series cells, A is a constant of 1.5, K is the Boltzmann factor, q is the electron charge, E go is the gap energy, and µ 1 , µ 2 , µ 3 , and µ 4 are constant design parameters. The solar panel technical specifications used in the proposed design are listed in TABLE 1. The photovoltaic power P PV can be calculated using the following equation [25] :
1) MODELLING OF THE BOOST DC/DC CONVERTER
The DC\DC boost converter is an essential topological element in a photovoltaic generation system that is used as a power electronic transformer between the photovoltaic array and the electrical load. This leads us to employ maximum power-seeking as an approach to adjust the duty cycle. The adjustment is attained by pulse width modulation and electronic devices such as the MOSFET. To obtain the dynamics of the DC/DC boost converter, one applies Kirchhoff's laws to each of the circuit branches [26] .
where i m is the current through the DC line, i L is the average state of the inductor current in the DC/DC boost topology and D opt is the optimal duty cycle set by the optimization circuit and expressed as the ratio of the ON switching time to the time required to complete a switching cycle. The output DC voltage and current are expressed as, respectively:
It is confirmed that the converter output voltage is higher than the converter input voltage if the duty cycle is bounded in the interval {0, 1} .
J. THEOREM (MAIN RESULT)
Let us consider the system model described by the set of system differential equations given in (22) and (23) . This consideration leads us to choose an optimal duty cycle of the boost converter switch, D opt , to extract the maximum solar power from the PV solar generator system and maintain a constant value that ensures a minimum steady-state oscillation using the grey wolf optimization technique:
The system model defined by (22) and (23) is guaranteed to be globally exponentially stable with time, i.e., as → ∞, for sufficient positive design parameters, h 1 , h 2 > 0.
K. PROOF OF THE THEOREM
This study provides a formal analysis and elegant full proof of the main theorem using the tools of Lyapunov stability control. The primary purpose of the peak-power-seeking controller is to implement a virtual control law and force it to consider a stabilization function. For convenience, the time index t is omitted. This technique can be applied using an acceptable control scheme using the Lyapunov technique [27] - [29] . With this controller, the PV voltage applied to the DC cable follows the reference voltage by acting on the duty cycle of the boost converter switch.
Step 1: DC Voltage Regulator Let us consider the voltage seeking error: (26) where V mr is the converter voltage reference. From the system model (26) , substituting in (27), the result is:
Let us choose the Lyapunov function W 1 (E 1 ) def = 1 2 E 2 1 ; the time derivative of W 1 is:
By choosingĖ
This leads us toẆ 1 = −h 1 E 2 1 < 0; as a result, the second subsystem of (26) is globally asymptotically stable for h 1 > 0. The current passing through the inductor behaves as a virtual control input.
Letting i L = i Lr , one can obtain the stabilization function as:
Step 2: DC Current Regulator Let us consider the following new error defined as:
This represents the difference between the virtual control and its reference signal. By substituting (31) into (29) , the first error dynamics become:
Then, the time derivative of (32) is:
The first derivative of the second error system is:
Define the augmented Lyapunov candidate function as
and its time derivative aṡ
Consequently, the average duty cycle for the MPPT of the boost converter is:
h 1 , h 2 > 0 are considered to be positive design parameters, and the control law given in (37) ensures that the time derivative of (36) is negative definite, i.e., W 2 = −h 1 E 2 1 − h 2 E 2 2 < 0. This guarantees that the system model defined by (23) is globally asymptotically stable such that the first and second error dynamics converge to zero as time progresses. The stability analysis of the closed loops is given in (32) and (34) and is proven based on Lyapunov theory.
L. GREY WOLF OPTIMIZATION FOR MAXIMUM POWER EXTRACTION
In previous studies, grey wolf optimization has been used recently to extract the most significant power provided by PVG coupled with the IBWG system. A block diagram of the proposed maximum-power-seeking scheme for the proposed system is shown in FIGURE 8 . The proposed maximumpower-seeking scheme measures V PV and I PV using measurement devices and calculates the output power [30] . At the maximum power, the duty cycle is maintained at a constant value that minimizes the steady-state oscillation, which is possible with classic tracking methods. Consequently, the power loss produced by the oscillation is minimized, which will increase the efficiency of the proposed system. Consequently, the fitness function of the grey wolf optimization technique is written as follows for the MPPT of the boost converter:
where, P is the extracted power, D opt is the optimal duty cycle, i is the number of current grey wolves and k is the number of iterations.
III. RESULTS AND DISCUSSIONS A. THE HYDROMECHANICAL PART
If the exit area is taken as a c = 2.2m 2 (2 m in width and 1.1 m in height) and the factor of safety is 1.25, as indicated in Table 3 , the exit velocity, discharge, hydrostatic and hydrodynamic pressures can be estimated by equations (2, 3, 4 and 10), respectively. The results are pr3sented in TABLE 4.
B. GATE SYSTEM DESIGN
To pass the normal discharge of the Hilla River (100 m 3 /s), fourteen IBWGs are required due to the specific discharge of each IBWG, as shown in Table 4 . All of the gates may be connected to the air compressor for the inflating process, as shown in Figure 8 . The designer is free to combine two or more balloons to an air compressor as a separate unit depending on the field conditions. Since the balloon resists the hydrostatic and hydrodynamic pressures consecutively, it was designed to resist the greatest pressure. In the case of the Tyass barrage, the hydrodynamic pressure of 122 psi is the maximum.
C. PRESSURE-VOLUME DESIGN OF THE AIR COMPRESSOR
The air compressor system should be adjusted according to the hydrodynamic pressure of the IBWG. The volume of the air storage tank was chosen to be 100 m 3 . The pressure of the air compressorwas estimated to be 181psi so that it would be capable of providing a balloon pressure of 122psi for 14 gates FIGURE 9 .
3.5m 3 in volume as tabulated in TABLE 2 and shown in
The electronic switching of the control panel for the present study is illustrated in FIGURE 10, which gives an overview of how the connections of the necessary components are implemented to achieve an automated switching system to measure the water level and manage the operation VOLUME 7, 2019 of the IBWG successfully.Sound waves are emitted by an efficient ultrasonic sensor, as shown in FIGURE 7. These waves have reflected the sensor if there is liquid in front of the sensor. The sensor detects these waves and attempts to measure the time required to send and receive these waves. The distance is then predicted by the time interval bounded by the water level and ultrasonic sensor. In this study, the air compressor and the first valve are connected to the normally open terminal of the second relay and interlocked with the normally closed contact of the first relay when the front dam is filled. Light-emitting diodes are a particular type of diode that converts electrical energy into light. Two light-emitting diodes are used in the switching circuit, which indicates two levels of water in the IBWG. When the dam is filled, the green LED blinks and the electronic relay switches on the air compressor. In this state, the first valve turns ON to close the balloon gate automatically.
D. IBWG OPERATION
It is guaranteed that the IBWG will work properly for many logical reasons:i The total average sunshine from 39 years ago is based on historical data of 8.8 hrs/day, up to 13 hrs/day, with temperatures up to 50C • that are capable of charging the power batteries and running the IBWG day and night. ii The IBWG is supplied with a standby air bottle of 100 m 3 in capacity and pressurized with 181 psi, which is designed to sudden supply the 14 IBWGs with an air pressure of 122 psi. It is usually full and pressed when needed. Also, the IBWG does not open or close more than once a day under normal and emergency conditions. iii The mathematical modelling that is used to track the energy levels validates the gate operation. However, there are two operation modes of the IBWG, which are described as follows.
1) SAFE OPERATION
Since an alternative energy source is used to run the compressor, energy scarcity may occur due to solar power shortages in winter and during sunset, especially at night. The use of a large air pressure tank is safe, as presented in Figure 7 . When the water levels are lower than the minimum, the air inlet valves are automatically opened to supply the balloons with the required air volume of 49 m 3 under a pressure of 122 psi. The air compressor system consists of the 100 m 3 air tank under a pressure of 181 psi on standby for sudden use in safe operation.
The air system must be arranged to be filled with compressed air to 181 psi continuously. The advantage of this arrangement is that the air compressor may operate once or several times to supply the air tank with the required 181 psi depending upon the available energy in the batteries. It is worth mentioning that the air system may be operated several times to reach 181 psi.
2) RISKY OPERATION
When the signal of the upper sensor is received, the air inlet valve is opened and starts filling the balloons with the required 122 psi of compressed air. Accordingly, the compressor engine starts to supply the balloons with compressed air directly without the need for an air tank. The time required to increase the balloon pressure to 122 psi depends on the available solar and battery energy, which may be insufficient to supply the required volume of 49 m 3 with a pressure of 122 psi, especially during the night.
The disadvantages of this operation mode are as follows: 1-The total battery power may be inadequate to supply the air system with enough time to increase the balloon pressure to 122 psi. 2-Supplying the required volume of air (49m 3 ) with a pressure of 122 psi may require a long time, which is inconvenient in critical cases. The circuit diagram of the IBWT is shown in FIGURE 11a, while FIGURE 11b illustrates the MPPT block diagram for the PVG system. 1-The air pressure system consists of three solar cells connected in parallel, a 12 V 30 A battery and an air compressor with a capacity of >181 psi. 2-The control panel system consists of a control panel, two sensors, two electrical valves, connections and circuit breakers. 3-The electrical network arrangement requires a continuous energy source, such as a solar power system. Since the barrage is located in a region with long-duration sunshine hour, a solar energy source is chosen. In the current study, the average solar irradianc data of the Tyass barrage are analysed for the years1980-2018, as listed in TABLE 3. Consequently,the PV solar system is positioned between two geographical points, which are (44 • 41' N, 32 • 21' E) and 44 • 41 N, 32 • 35 ' E), using a GPS device. The photovoltaic generation system provides a rechargeable battery that is designed to power the air compressor and two electrical valves through the DC/DC converter, as shown in FIGURE 11a and FIGURE 11b , respectively.
IV. THE ELECTRICAL PART A. AUTOMATIC OPERATION OF THE ELECTRICAL CIRCUIT
The operating mechanism of the balloon may be classified into two essential parts: 1-In the charging process, the solar panels can charge the rechargeable battery with the required electrical energy, which in turn supply the air compressor with the necessary power to inflate the balloon up to 122 psi according to the upper-level sensor. 2-In the operation process, when the downstream water level reaches the maximum level downstream of the river, the upper sensor sends a signal to open the air inlet valve (valve 1) and simultaneously locks the air outlet valve (valve 2) to enable the compressed air to inflate the The pressure switch sensors are used to measure the specified airflow in each balloon gate. The pressure switch signals in each balloon are sent through an analogue-to-digital converter to switch the air compressor. It is used to convert the pressure signals to six digits through an analogue-todigital converter, as shown in TABLE 4. One can control the operation of the air pressure if all pressure switch sensors are adjusted to the desired value. Inbrief,the design parameters of 
B. NUMERICAL SIMULATION OF THE PVG SYSTEM
To verify the effectiveness of the proposed maximum seeking controller, a MATLAB simulation is performed considering time variations in the solar irradiance and load level (an air compressor with two valves). The behaviour of the suggested system model is tested in terms of several parameters, such as the PV generator voltage, PV current, DC/DC converter output voltage and battery charging state. TABLE 6 lists the technical specifications of the control panel and management system.
The dynamic response of the proposed controller, DC/DC converter and optimization technique are verified through the numerical simulation. The current-voltage curves of the PV array are shown in FIGURE 12 for varying solar irradiation conditions.
The suggested scheme was tested for real daily solar radiation scenarios in the PVG system, as shown in FIGURE 13. FIGURE 6 shows the monthly average variation in solar energy, measured in hrs/day, for the data from 39 years ago.
C. INVESTIGATION OF THE DC/DC CONVERTER
A validation o the DC/DC converter is carried out based on the DC current and power output from the chopper circuit. FIGURE 14 shows the daily evaluation of the DC current provided by the PV string coupled with the DC/DC converter. 
D. MAXIMUM-POWER-SEEKING CONTROLLER
The proposed controller is set to update the duty cycle of the boost converter by changing the atmospheric boundarie, as hown in FIGURE 16 . However, the time response of the grey wolf optimization scheme is very fast when the solar radiation is rapidly changed. At the maximum power, the duty cycle is maintained at a constant value that minimizes the steady-state oscillation. The profiles of the passing DC current and power extracted with the MPP-seeking controller are affected by the profile of the solar irradiance, and the duty cycle bounded between 0.27 -0.13, as shown in FIGURE 16.
E. THE DYNAMIC PERFORMANCE OF THE AIR COMPRESSOR
One can observe that FIGURE 17 shows the profile for the typical case of the air compressor pressure bounded between 0-180 psi taking into consideration switching between ON and OFF, while FIGURE 18 shows the emergency case of the air compressor pressure profile per day. The profile increases over five minutes when increasing the pressure to 180 psi, remains constant and then decreases over five minutes as the pressure is decreased from 180 -0 psi. It is worth emphasizing that the repetition cycles related to switching the ON and OFF states depend on upstream and downstream of the dam. FIGURE 19 shows the daily profile for the battery charging state bounded between 25 -77 percent depending on the rate of the solar irradiance. FIGURE 19 shows the daily profile for the capacity of the rechargeable battery measured in Ah bounded in [26, 75.5] Ah-in synchronization with the solar irradiance. This result implies that the IBWG system can be used at night or during the early morning when the sun is not strong. Nevertheless, there is a possibility to store the compressed air in the auxiliary tank to avoid emergency cases such as partial shading conditions. The numerical simulation results show that the proposed MPP-seeking controller has a fast response time and a stable output power provided by the rechargeable battery, although it is essential to note that weather conditions change rapidly. This study considers the mathematical model of the DC/DC converter circuit in a PVG system to ensure a fast response and accurate results under suddenly changing weather conditions, and different operation modes (an electrical air compressor and valves) are successfully analysed. The simulation results demonstrate the robustness and efficiency of the proposed approach under varying solar radiation conditions.
V. CONCLUSION
The main goal of this research is to present a new technique for an intelligent balloon water gate that takes into consideration the development of tracking solar energy systems. Electro-hydrodynamic design of an intelligent balloon watergate is an encouraging application provided by a solar energy system especially that installed in rarely locations far away from the availability of national electricity and capability study to solve the problem of water scarcity. In this study, research work on photovoltaic generating system, modeling, and optimization technique are analyzed. The electrohydrodynamic design has some difficulties related to the applied modeling system, maximum power point tracking using a new efficient technique that is called Grey Wolf Optimization Technique and season variations. These factors play an active role in creating a compromise solution.
The IBWG automatically operates to regulate the upstream and downstream water levels of dams, barrages, regulators as needed. The initial and maintenance costs are low compared to those of traditional water gates; moreover, an operator is only required only for cyclic maintenance purposes. It is found that 14 IBWGs with a volume of 3.5m 3 and an air pressure of 122 psi are needed for the Tyass barrage to operate as an intelligent barrage, pass the 100 m 3 discharge of the Hilla River and automatically maintain the downstream water level between 23 m and 24 m above sea level.
This study focused on the design of a low-cost and straightforward IBWG powered by a PV solar generation system and an MPP-seeking controller. It is evident from FIGURE 19 and FIGURE 20 that the IBWG can be used at night or during the early morning when the sun is not strong. The proposed control system has been designed to extract the optimal power from a solar string. The proposed approach is not only useful for water dams but could also be generalized for different liquids levels in industrial processes. The system was designed such that most of the system components would be available easily when connected. This design will be able to prevent wasting the dam water. The system operates automatically. Therefore, an operator is not required to switch ON and OFF the proposed system. Based on our expectations, the proposed invention has an attractive potential for future studies and developments. APPENDIX See Table 7 .
